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PREFACE

:Slectro-enc ephalography is a technique of recording
the electrical beat of the brain, analogous in many re•
spect1 to the relationship of the electro cardiography
It is a relatively new

t� the activity of the heart.

labor atory procedure which still requires such experi
mentation in order to fully evaluate it, u1efulness i•
the field of medicine.· It is t he purpose of

this

paper

to bring to attention the more basic principles of
electro-encephalography and one of ite m ore useful app•
lieatione.
It is my wish at this time t o extend my

sincere

thank• and gratitude to the ,taff of the Jeuro,-paycbiatric
Department of the Bish op Clarkson Ho1pital for the con
ferences, cl inical material and the record files made
available to me in this review.
to Dr. A. E. Bennett and Dr.

w.

I am e1pecially indebted
G. H.olli1ter for permit

ing me to obsene, and in some instances act ually partic
ipate, in taking and interpreting electro-encephalographic
tracings.

Dr. P.

r.

Cash, now of the armed forces, made

invalu ab le contributions to

me

through

his

excellent sug

gestion• in regard to reference material, for which I am
deeply a ppreciative.
February 8th, 1943,

W. L. R.
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I

INTRODUCTION
Although i:mn had thrown off the yoke of taboo and mysticism that surrounded investigation of the human body and
he had made great advances in the fie l d of anatomy, physiology and pathology before the advent of the twentieth
century, he had deliberately avoided the study of the
physiological processes of the living human brain.
primitive

IIAn

Since

it was thought that the goings-go in the brain

of man should not, nor could not, be i nvestigated and it, in
its living state, should be spared from the groping fingers
of the inquisitive scientist.

A

shroud of ignorance sur-

rounded the brain as a functional organ, which was comparable
in its impenetrability only to the boney skull which encased

H.
It was Hans Berger, the ''father of electro-encephalography" who, in 1929, promised to initiate great strides in
the physiology of the brain by making it possible to study
it; not by exposing it, by touching it, nor making micro- seopic '. obeervations of it, but by tbe recording of electrical
energy which it expels through the intact skull.

The stage

was set an d the setting ideal for the opening of a great new
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field.

The actors that responded, and there were many, had

the advantages of the natural curiosity of man, of marvelous
tools, the masterful energies of a capable leader and a vast
net1 fascinating field.
Since the birth of electro-encephalography less than •
decade and a half ago its recognition as a useful clinical
procedure has ridden the pendulum in its swing from skepti•
cism to over-enthusiasm.

This is not surprising inasmuch

as most noteworthy advances in medicine have been rece~ved
in this way.
hen it became apparent that Berger's original conclusions were well-founded, neurologists, physiologists, and
psychologists hastened to apply this amazing new tool to
each of their separate specialities in hopes of find i ng a
new vantage point from which to view the intricracies of
the brain.

Of these earlier experiments much has been

written in regard to the uses of the electro-encephalogram
in many phases of medicine but to present no application
of it has proven more fruitful than its use in the field

of epilepsy.

I have endeavored therefore in this paper to

review briefly the development of our present knowledge of
electro-encephalography and its special application to
epilepsy.
,;_
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II
ELECTRO-ENCEPHALOGRAPHY

A. HISTORICAL BACKGROUND OF EIECTRO-ENCEPHALOGF.APHY

Although it was reported by Caton (7) as early as 1875,
that the brain of living animals is the seat of electrical
activity, practically no work, except that confirming this
fact, w~s done in this field until the second decade of this
century.

Such noteworthy neuro-physiologiats as Erlanger,

Gasser, Bishop, Gerard and Davis (8, 15, 16) made exhaustive
studies on the electrical properties of peripheral nerves
but it was Berger, a neuro•psychiatrist of Jena, Germany,
who first reported in 1929 that characteristic cortical
potentials could be recorded through the intact human scalp
(5), that the field of electro-encephalog:raphy was really
opened.

Following in quick succession came the reports of

contemporary workers on the continent, in Britain and in this
country but it was Berger who, in a series of carefully controlled studies, continued to lay the ground work for future
advancement and became rightfully known as the "father of
electro-encephalography", (22).
Explaining in part the long delay between Cat on' s in
1875 and the eventual observations made by Berger, and those
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who followed him, is the lack of adequately sensitive
recording instruments with which the extremely small variations in cortical potentials could be amplified and transferred into a visual representation.

The need of such

instrumentation was obviously important in any very comprehensive study of the electrical activity of the brain.

Such

a record made it possible !or the workers to visualize the
electrical changes and to make comparative studies with
previous observations.

Although galvonometers for the

detection of electrical potentials were available at the time
that Oaton made his original observation that electrical
fluctuations could be demonstrated from the cortex of rabbits,
no galvonometer had at that time yet been devised which was
sufficiently sensitive to demonstrate the minute variations
of potential and to make possible the transformation of these
fluctuations into a pennanent record.

To those engineers

who devised such indispensible instruments encephalography
owes a great debt, if not its very existence.
Eihthoven' s string-galvonometer, which became available
about 1900, was a great improvement over previous instruments
and its appearance should be certainly considered a milestone
in the history of electro-encephalography, as well as in that
of electro-cardiography.

Although this type of instrument

still is the basis for the electro-cardiogram, yet, was not
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sensitive enough to bring out the finer details of wave form
de~nded by those working with brain potentials.

As a result,

about 1920 the vacuum-tube amplifier with ink-writing attachment was made available to meet the requirements of students
of electro-encephalography.

Although these instruments have

been improved from year to year up to the present time these
same principles are the basis for our present amplifying and
recording systems.

Instrumentation will be discussed further

under a special heading in this report but it is well to reiterate that much of the credit for the development of this
field rightfully belongs to the electrical engineers who devised the tools which make it possible to detect and study
the minute electrical changes of the brain.

Without them

electro-encephalography never could have been born and without their continued support in the future little advancement
wi 11 be made.

{

Berger ~) concluded that the electrical response obtained by applying two electrodes, adequately separated,
upon the scalp represented the summation or difference of the
electrical potentials of the cortex lying immediately under
the respective electrodes.

He found also that electrodes

placed on different regions of the scalp consistently gave
characteristic patterns of electrical waves, suggesting that
certain regions of the brain, which are bilaterally similar,
are the focus or origin of these particular waves which
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spread radially over the entire brain.

Discussion of these

wave fonns and their apparent origin will be discussed later.

B. PHYSIOLOGICAL BACKGROUND
Electrical activity is not unique of cortical cells
alone.

As stated by Gibbs (22) all cells of the body show

in varying degrees mechanical, thermal, electrical and chemical activity and that electro-encephalography merely takes
advantage of that form of energy that most readily passes
through tissue barriers and of those techniques that ¢aka it
possible to manifest minute electrical potentials.

It is

conceivable, even though at the present, impractical, that a
study of any one of the other of these fonns of activity
would also give us considerable aid in understanding the
physiology of the brain.
A good deal of earlier experimentation with peripheral
nerves ( 8, 15, 16 ) revealed that the conduction of impulses along a neuron were remarkably like electrical
impulses and that upon stiumulation of peripheral nerve an
attached galvonometer would indicate the passage of an electrical charge along it.

This charge during the activity of a

nerve has been called the action potential.

This potential

can be demonstrated along a peripheral neuron only when it
has been stimulated and during a resting phase no electrical
impulse can be shown to exist

(e).
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How then does all of this fit in with the cerebral
cortex, which is known to be continuously active electrically except in cases of profound anesthesia, of deprivation
of the blood supply to the cortex or near death when the
vital centers of the brain are near collapse!

To answer

this it is probable to assume that nervous activity in the
cortex persists through all ordinary physiological states
until death; and that in all of the a bove situations in
which no electrical chan ges can be de monstrated from the
cortex, these specialized portions of the brain have ceased
to function.

It is difficult, though, to understand what

is the origin of the cortical potentials de monstrated under
deep hypnosis, surgical anesthesia or unconsciousness, when
all thought processes, responses to afferent stimuli and
consciousness are abolished.

In regard to the effect of

peripheral stimulation, Bremer (6) reports continuation of
the activity of the cortex following ''isolation" from sensory impulses by section high in the midbrain.

All of this

is strongly suggestive of the presence of a cente r, or
centers, in the cortex from which the rhythmical electrical
impulses, demonstrated escaping from t he surface of the cortex, originate.

The significance of t his supposition of

"autogenous" or inherent activity of the cortex becomes
ap parent when interpretation of brain waves is attempted.
It was natural for the earlier workers to assume that
-7-

cortical potentials, as demonstrated by the electro-encephalogram, were merely a sunmation of the action potential
spikes of the multitudinous n eurons which constitute the
cerebral cortex.

That this is true can hardly be denied

but it has been shown that the electrical activity of the
cortex is more than would be anticipated from the action
potentials of its constituent neurons alone.

From the

sumnation theory alone it is difficult to explain how large
potential waves of 2-3 millivolts and lasting 100 or more
milli-seconda could be obtained from t he surface of the
brain (llJ.
One would hardly suspect that such large fluctuations

of potential, would occur unless there is a synchronous
discharge of many neurons at one time, causing an increase
in over-all potential, and followed by a simultaneous refactory period of these neurons forming the trough of the
waves.

An electrical rhythm, thus ex plained, would compare

favorably with the formation of a beat in music.

Such a

regular and rhythmical sequence of the cortical potentials
suggest an organized pattern of nervous activity with more
or less definite centers of initiation comparable, perhaps,
to the nervous center regulating the r hythm of respiration,

(2) •
These rhythmical fluctuations are manifest in the record
in definite waves of r emarkable similarity that further
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impresses one of the presence of a rhythmical pattern of
the cortical potentials.

The most apparent of these rhythms,

and the first to be described, is the so-called "alpha" wave
which was reported by Berger in his original paper in 1929

(5).

These waves are approximately 10 per second, of 50-100

microvolts in intensity and recurring in definite sinusoidal
outbursts in most individuals.

These are the most spectacular

of the waves but there are also faster waves of a lower intensity that may occur in suffici ent uniformity to constitute
a rhythm also.

These were called by Berger as "beta" waves.

other waves which occur in a normal record, but which are
less constant, less regular and consequently less significant, are referred to as "mixed", "random" or "garmia" waves,
( 10, 12 , 30) •
Kornmuller (34) in a series of exha ustive studies upon
the exposed brains of rabbits found that a very definite
relat ior- s hi p exi st ed bet\1een the different wave patterns and
certain r egions of the cortex.

He discovered tha t the smooth

rolling 10 per second VJaves (alpha) are best dem onstrated
from, and apparently originate from, the occipital region,
while the motor areas yield the faster 20-25 per second group
of waves (beta).

From the frontal lobes he obtained the

faster and less constant waves of an over 25 per second frequency (gamma).

Despite this apparent localization of the

different wave patterns Kornmuller (34) also stressed the
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fact that the different wave patterns a re not independent
of each other and that any of these waves, a lthough seemingly originating from definite areas of the cortex, may
spread over into other regions.

He suggest ed that the

resultant potential obtain ed from any sin gle area was characterized by a pattern which was so predominant as to mask
other weaker waves spreading in from adjacent regions.
Adrian am Yamagiwa (3) in their work on humans, without
exposing the brain, conr±·rmed Kornmuller's observations
concerning t he apparent origin of alpha and beta wa ves.
Jasper, in a more recent report (44), describes the
alpha waves as ranging from 8 to 12 per sec ond, the beta
waves from 18 to 32 per second and the gamma rhythm from
35 to 55 per second.

He also reports having elicited alpha

like rhytrm, originating in the pre-central regions, in
certain a pparently normal individuals.

He describes these

waves as having lower voltage, but being mo r e continuous
than the occipital alpha activity described by Berger.

The

significance of such a wave fonn is still held in question
by most authorities, however.

0. PHYSIOLOGICAL VARIATIONS IN CORTICAL POTENTIALS.
A vast amount of work and much of the l i terature on
electro-encephalography has been devoted to studies on nonnal
and pathological variations of cortical pote ntials.

Real-

izing the large number of physiological conditions which will
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significantly alter the pattern of cortical activity, and
the difficulty in controlling all of these variables, it
bee anes apparent why a thorough understanding of this problem is essential to the proper analysis of a record.

At

this point, it is obvious that an adequate review of the
huge amount of literature on ~his phase of electro-encephalograpby is impossible in this short paper.
would require volumes.

Such a review

I intend, rath e r, to mention and

briefly discuss only those conditions which most frequently
cause modifications of the normal pattern and about which
every v;ork in electro-encephalography should be familiar.
Individual Difference~

.aJ.l. .fil!:dhm.

It is important first to realize that cortical potentials merely reflect an organization of cortical activity
which may vary considerably in nonnal individuals, (12, 36,
44).

Although electro-cardiography and electro-encephal-

ography are quite similar in many respects this difference
should be appreciated and the electro-encephalographic
tracings are not to be expected to display the marked constancy of wave form and timing seen in tracings from the
heart of different individuals.

In this regard one should

remember that normally there is only a single center which
controls the inherent rhythmicity of the heart while in the
cortex there are apparently several such centers, which are
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bilaterally placed and which are discharging several different wave patterns over the brain simultaneously.

The relative

predominance or suppression of any one of these centers may
effect an appreciable modification of the resultant waves
without any real significance to the interpretation of the
record.

Successive records taken from the same normal indiv-

idual, although remarkably similar in most cases, may vary
considerably.

T'his is thought by some to indicate cyclic

changes in mood or affect ( 12, 44) •

In the fin a 1 analysis it

becomes imperative for the competent interpreter to observe
records from hundreds of normal people in order to determine
whether certain variations of wave fonn and rhythm should be
considered significant or not.
Age J)j_JJei-ence~
Berger noted in his original studies that infants under
3 months of age showed no recognizable rhythms.

Lindsley

(41), who studied the cortical rhythms of children extensively
reports that infants under 4-5 months of age give large random waves rather than any regular type.

ccordin g to him, at

about 6 months of age these large waves become faster, 3-4 pe r
second, and assume a more orderly sequence, sug gesting the
development of definite rhythm.

By early childhood these

waves, which are destined to become the Berge·r or alpha r hythm
of adulthood, have increased to a 7-8 second frequency and by
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8-10 years the adult pattern of alpha waves seems well
established.

Smith (45) and Lindsley both described the

development of other more rapid rhythms, which appear first
somewhat later in childhood but reach the adult fonn along
with the alpha waves .

In r elation to the development of the

characteristic patterns of electrical potentials it is interesting to note that the age factor seems to be chronological
rather than mental age, suggesting that the development of
the underlying organization pattern of cortical activity is
independent of, and perhaps more basic in character than,
the more superficial but mo re highly specialized nervous
activity denoted by intelligence.

It is also interesting

in this regard that no one has yet reported any clear-cut
relationship between electro-encephalograp hic findings and
intelligence in any age group (35).
Effects

.2£ Sensory Stimulation.

It was discovered by the earlier workers (1, 5, 30,
31, 34) that waves of the alpha series could be best demonstrated over the occiput of a normal waking brain with the
eyes closed and in a quiet room.

Travis and his collabor-

ators (47, 48, 49) made extensive studies on the effect of
visual, auditory and tactile stimulation on the normal
electrical pa t terns.

They found the alpha frequency the

only waves to be noticably affected and that the amplitude
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of these waves were markedly diminished in amplitude or
entirely abolished by sudden or startling stimuli of any
type which would draw the attention of the subject.

The

most striking example is that of interrupted visual stimulation, as flashes of light or attention to moving objects,
in response of which the alpha rhythm is temporarily suppressed.

However, after the eyes have been held open for a

few minutes and there is nothing in the visual fields that
particularly attracts the subjects attention the alpha
waves tend to reappear in their normal amplitude. 'These
findings led to the original assumption that sensory stimulation caused a suppression of cortical activity but the
issue was further complicated by the observations of Jasper

•

and Cruikshank (32) that although the alpha waves were decreased in amplitude, giving them a flatter appearance,
they were actually increased in frequency.

Travis and Egan

(49) reported a comparable speeding up of the frequency but
dininution in the amplitude of the alpha forms in response
to auditory stimulation.

The Davises (13) showed a similar

response of the other frequencies, to sensory stimulation,
although the changes were far less striking.

It was then

assumed that these changes in potentials were indicative
of increased nervous activity resulting . from peripheral
stimulation causing a temporary depression of the normal
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beat of the resting cortical cells and replacement by a
faster rhythm of lower amplitude.
The striking responses of the alpha rhythm to visual
stimulation were explained by recalling that the occipital
cortex is the visual center of the brain besides being the
origin or the Berger rhythm (3).

It appears then that

visual stimulation is the ~pecific stimulus causing changes
in the alpha activity and that the response of other frequencies to the light stimulus, or the changes in alpha
rhythm in response to other forms or stimulation, mi gpt be
explained on the basis of the startle pattern which brings
the whole cortex into play.

Comparable affects of other

special sensory stimulations, upon their respective cortical centers, (e. g. auditory stimulation to the temporal
cortex) are far less conclusive than the vision-alpha
rhythm relationship.
Effects

tl

Sleep .£!l Normal Cortical Rhythm.

Loomis and his co-workers ( 42) did the first detailed
work on the electrical activity of the cortex that occurs
with sleep.

They found the waves most characteristic of

drowsiness or light sleep are large and slow, occuring
either irregularly or in rhythm.

It is thought by them

that these potentials represent alpha rhythm, which has
been diminished in voltage with an increase in intervals
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between outbursts of alpha activity.

As sleep deepens the

patterns may revert again to the normal waking type or, more
characteristically, a nevi rhythm of about 14 waves per
sec ond appear.

These waves appear to be a transition form

between the alpha and beta types.

Jasper and Andrews in

1938 (29) concluded, after making studies of the various
levels of sleep, that these so-called sleep waves are merely
slowed beta waves.

This is apparently substantiated by the

fact that these waves are best demonstrated over the same
cortical area as is the c haracterietic beta f'requency--the
precentra 1 region (14).
In general, the deeper the sleep the slower the waves
and greater the amplitude.
waves usually appear.

In very deep sleep large random

Similar large slow potentials, which

are known as "delta"- waves, are of significance in abnormal
records and will be discussed later.

In this connection it

is well to know that it is a eonnnon error of inexperienced
interpreters to erroneously regard a short period of sleep,
during the taking of' a record, as a period of abn onnal act-

ivity.

For this reason it is important to be certain tmt

the subject does not unsuspectingly take a nap during the
recording.
Effects

.2!.

other Forms .Ql Impaired Consciousness
Upon Normal Pattern

At this point it is well to mention that, in general,
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other forms of impaired consciousness exhibit striking
similarities in wave forms to those produced by sleep.

It

is my purpose at present to generalize upon the conclusions
of rrany workers on the changes in cortical potentials resulting from temporary or momentary alterations of consciousness that can be demonstrated from the normal waking
brain.

The findings in various forms of epilepsy, being

clearly an abnormal condition, will be discussed more in
detail later.

Davis (1.2) adequately sunmarized what is known

about states of impaired cortical activity when he said,

11

Un-

conciousneas in general whether from early sleep, cerebral
anemia, fainting or anesthesia, seems to be associated with
larger and slower waves than the conscious state 11 •

To sub-

stantiate this observation are many reports of much experimentation, with both man and animals, stressing each of the
physiological factors known to cause interference with the
conscious level ot cerebration.

Cerebral anoxemia was stud-

ied by ligation of the conrnon carotid arteries in man (52).
The effect of oxy gen -lack by nitrogen breathing was reported
by Gibbs , Davis and l.ilnnox (20, 21).

Hypoglycemia was also

discussed by this same group in the same report.

Gibbs and

Gibbs (22) in 1941 suumarized the present concepts of the
effects of acapnia (low
CO2 tension).

CO2

tension), and hypercapnia {high

It is interesting to note that, although,

there are directly op posite cond tions, they both give rise
•17-

to similar cortical dysrhythmia.

That increased tension of

CO2 in the brain, as in asphyxia, would hamper cortical
function is not surprising.

These workers offer, as explan-

ation for similar affect of acapnia, the assumption that a
cerebral anemia results from a compensatory contraction of
the cerebral blood vessels in an attempt to maintain a
level in the blood stream.

C02

The abnonna lities seen in in-

creased intracranial pressure are also e.xplained as being
due to an interference of' cerebral blood flow.
Variations i!!, Record Caused El Emotion

!!!£. Mental Effort.

Although these conditions do not produce similar cortical responses they deserve to be discussed together because
they occur so often together in the subject and it is so
difficult to determine which process predominates at any
given time.

Hoagland, Cameron, and Rubin (27), after a very

comprehensive study of the emotional disturbances seen in
many psychopathic patients, cone lude that large rambling
waves, of the delta type, are most characteristic and that
their number can be used as a fairly accurate index of degree
of emotional upset.

The normal alpha rhythm, though reduced

in amplitude, can often be seen superimposed upon the large
delta waves.

Concentrated mental effort, such as solving a

difficult problem in mental arithmetic, will reduce the
amount or alpha activity or may completely abolish it vdthout the substitution or any other wave form (26, 44).
-18-

Thie is particularly evident if the mental problem is in
the absence of any emotional element, in which case the
record will be remarkably flat until the problem is solved
when the normal rhythm will be Hetored ( 12, 13).

This

effect is strikingly like that caused by anything which
attracts the attention of the subject, previously discussed
under sensory stimulation·
Adjacent Muscle Potentials.

It was at first suspected that the action potentials
of contracting muscles of the scalp, eyes, and face might
seriously alter the potentials recovered from the cortex.
However, it was shown by Jasper and Andrews (29) that such
adjacent muscle potentials cause little such interference.
Such muscle activity may introduce c ontraction spikes into
the record but these are ordinarily easily detected by their

.

spiky appearance, short duration and lac k of rhythmicity

(28).

yeblinks and swallowing are represented in almost

any record but they usually cause little difficulty in
interpretation.
The foregoing review of the principle physiological
variations seen in electro-encephalographic tracings of
normal individuals, although far from complete, is intend ed
to impress upon the reader how variable electrical potentials may be in a normal subject; and
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the necessity

or

establishing a conception of normal with which to compare
records obtained in pathological conditions.

D. TECHNI QUE AND INSTRUMENTATION.
It is obvious from the previous discussion of the
many physiological variables of cortical potentials that
every attempt should be made to establish standard, or
basal, conilitions for the subject.

It has been arbitrarily

agreed upon by workers in electro-encephalography that,
unless otherwise specified, the subject must be lying
quietly and comfortably on his back, with his eyes closed
and covered, but awake and his mind at rest (22, 30, 44).
The room should be dimly lighted, of comfortabl e temperature and quiet in order to avoid any stimulation which will
at t ract the attention of the subject.

Before the taking of

a record the subject should be reassured tl'lat the procedure
will cause him no pain and that he should be free of apprehension about it (50).

It is often necessary to specifi-

cally instruct the subject to guard against becoming drowsy
or dropping off into
record.

a light sleep during the taking of the

The significance of this in obtaining an accurate

record has been previously discussed.
The matter of electrodes is the next procedure of interest.

It was mentioned by Gibbs and Gibbs (22) that,

although the ideal arrangement of electrodes would permit
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the independent recording of activity of each cortical area,
suc h an arrangement is impossible because, theoretically,
two electrodes are necessary and that any activity demonstrated would be the resultant potentia l of the areas under-lying the two electrodes.

They, however, point out that

actually the activity for the area directly underlying the
electrodes is so praninent that usually only it is a pparent
in a record.
Two schools of thought are prevalent in regard to the
placement of electrodes, the so-called monopolar and the bipolar systems (44, 50).

In the former method, an

11

indiff-

erent" electrode is placed up on an inact i ve area, comnonly
the lobe of an ear or interconnected electrodes to both ear
lobes.

This "indifferent" electrode is then used commonly

in all hook-ups and the second

11

active 11 electrode is moved

over which ever cortical region is being recorded.

In the

bi-polar method both electrodes are placed over the active
cortex, and the record obtained represents the algebraic
sum of the activity under each electrode.

There is little

real difference in the record obtained by either of the two
methods, although it is contended that the monopolar UBthod
is better for demonstrating wave form and the bi-polar pre-

ferable for localizing foci of abnonnal activity {22, 33).
In a later discussion of record interpretation and in
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accompanying illustrations of different wave forms, it should
be kept in mind that I am referring to records obtained with
the bi-polar system.
Electrodes, in the form of hypodermic needles thrust
into the scalp, were used by Berger and other early workers.
The inconvenience of these and their discomfort to the subject are obvious.

It was later shown (22, 30, 50) that it

was possible to obtain just as satisfactory records without
disturbing the continuity of the skin of the scalp by means
of small metal plates securely fastened to the scalp.

Such

forms of electrodes have become widely accepted by contemporary workers and

Gibbs and Gibbs in their ••Atlas• (22)

give detailed instructions how they may be made and should
be attached.

Briefly, the most commonly used electrodes,

and the ones advocated by them, consist of flat solder
discs (about five mm. in diameter and 1-2 mm. in thickness)
which are hollowed out on one side.

Into these small depre-

ssions on the sides of the discs is placed a small amount of
electrode paste or jelly to facilitate conduction between
skin and electrode.

These discs, to which fine copper wires

have been attached, are placed paste-side down to the scalp
and firmly sealed there with collodion.

This form of elect-

rode, besides obviating the disadvantages of n e edle electrcxies

is preferable because it allows for a minimum of movement
between the electrode and the scalp.
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Such slight mechanical

movements may give rise to erroneous deflections of the
record, known as electrode artifacts, whi¢h will be given
further mention in a later discussion of interpretation of
the record (22, 44, 50).
In order to obtain comparable records, in the same or
in different individuals, it was found necessary to somehow ·
standardize the placement of electrodes upon the scalp.
Except in cases where the electro-ence phalogram is used to
localize and outline foci of abnormal activity, it was
pointed out th.st placement of electrodes within a centimeter
or two is all that is necessary (50).

Although at times

significant information may be obtained from the temporal
cortex, the standard methods ordinarily called for bilaterally and symmetrically placed electrodes over the occipital,
precentral ( or motor) and frontal areas ( 22, 29, 30).

Tht

acc ompanyin g diagrams, on page 24, will illustrate their

·t·\

.
re 1a t ive
posi ions.
In regard to the placement of electrodes it is interesting, and possibly of revolutionary importance in the
study of the p,ychological disturbance of af feet, that
Jasper (44) b'.as recently described the use of a so-called
01

basal lead."

This electrode consists of a sharp, pointed

wire thrust through one narea and into the sphenoid bone at
the base of the brain.

He assumes that the potentials, thus

obtained, represent the activity of the hypothalmus which is
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STANDARD PLACEMENT OF ELECTRODES UPON THE SCALP*
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Fi gure 1.
Lateral aspect of head showing

electrodes in place upon the
scalp with relationship to

\.

underlying cortical areas.

Frontal Leads are placed i n bilaterally s:nnmetrical positions
1n a line with the eyes and about 6-8 ems. above the
supra-orbital ridge.
Pre-central (or Motor) Leads are directlv superior to the exter-----nal- auditory
--- --.
meatuses and 3-4 ems. from midline.
Occipital Leads are located in positions approximately 3 ems.
superior and 3 ems. lateral of occipital protuberance.

Figure 2.
Superior aspect of the skull
indicating the approximate
relationship of the electrodes
to suture lines, to external
auditory meatuses and to underlying topography of the cortex.

• As used at the Neuro-psychiatric Departments of the Bishop Clarkson
Jfo spital and the University of Nebraska Colle ge of Medicine, Orn~ha.
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generally thought to be the brain center for emotion.

This

assumption is apparently substantiated by the observation
ttJlt such waves vary appreciably with different emotional
states.
The problem of amplifying and recording the electrical

activity of the cortex is primarily one of electrical engineering and I will not atte~pt to discuss it in detail here.
Two main types of amplifier,s are in use today, the cathoderay oscillograph am the vacuum-tube amplifier.

The former,

utilizing the principle that an electrical discharge will
deflect a stream of cathode rays that are projected upon a
translucent screen, does not effect an actual amplification
of the current but simply makes it possible
the fluctuations in potential.
a

strip of film moving

type of instrument.

to visualize

Photographic recording upon

at a known rate is necessary in thia

In the vacuum-tube method the voltage

of the e:}.ectrieal current is actually amplified sufficiently
to operate an ink-writing attachment.

This type of recording

apparatus, although possibly not as sensitive to very small
frequencies as the oscillograph, is preferred by most workers
because of its cheapness, durability and simplicity (22, 44).
Because

such instruments are so extremely sensitive it

becomes necessary to guard against extraneous charges which
might interfere with the record or damage this extremely
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delicate apparatus.

Such outside interference 1Ifiy be pro-

4uce d by x- ray, diathe nny, powe.r lines, radio, broad ca sting
stations or defective wiring.

This problem is ordinarily

dealt with by placing the subject in a grounded cage of
copper-wire screening; making sure all of the leada are
properly insulated and the amplifiers grounded.

Spe~ial

attention should be paid to the independent channels to
prevent any electrical short between them (22, 30).
Several conventions in recording have been arbitrarily
agreed upon in order to make the records taken with different
instruments comparable.

The polarity of the system is to be

so arranged that a negative charge will cause an upward deflection of the baseline.

The paper tape or photographic

film should run from right to left at a speed or 30 mm. per
second.

From the speed of this movement it is possible to

calculate from the record the time relationship of the waves.
In order that the amplitude of the waves may be read in terms
of voltage it is important that a calibration signal of known
voltage is placed at the end of the record.
Although much data may be obtained from a single amplifier and recorder ( or so-called channel) it is very helpful
to have two or more independent channels to enable the taking
of records from different areas simultaneously.

It is espec-

ially important to have a multi-channeled apparatus in tbe
study of wave phases and in the localization of foci of
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abnormal activity.

'rwo channels are all that are necessary

for most eases because, by switching these channels to var•
ioua leads, it is possible to ccmpare any two cortical areas
by eimultaneoua records (22, 30, 50).
E. INTERPRETATION OF THE RECORD.
In the final analysis the value of electro-eneephalography in medicine is dependent upon one's ability to read
from the record clinically significant data.

To be able to

accomplish this lifts the electro-encephalogram out of th•
purely academic field and places it in that group of valuable laboratory aids available· to the physician.

J'rcm the

outset workers in electro-encepbalography hastened to emphasize that brain waves should never substitute for painstaking
clinical observations nor keen clinical judgment in neuropsychiatry, but should be considered merely as another source
of laboratory data which might prove helpful.

!!!!. Norml Patteni (10, 11, 12, 31).
Although the various wave forms seen in electro-encephalographic tracings have been previously described and
discussed with regard to their apparent origins, photographs
or actual nonnal records are subnitted here to aid in appreciating their characteristics.

These photographic exe-rpta
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from actual records were taken fran a n ormal individual under
all the standard conditions previously discussed and with a
two-channeled ink-writing oscillograp:6.

These tracings show

fairly characteristic alpha activity in all leads making
2

connections with the occiput (FO, MO, TO), although, it must
be kept in mind that there are wide individual variations in
the· alpha patte rn of normal subjects.

That this is an indiv-

idual difference is substantiated by the observation t li:tt,
under standard conditions, almost identical records can

be

obtained from the same individual upon different occasions.
Occasionally a record is obtained in whic h there is almost
complete absence of alpha activity from a person who seems
perfectly normal (36).

The complete significance of this

phenomenon has not yet been explained.

Beta activity is

apparent in the accompanying records in those leads eon2

nocting with the pre•eentre.1 electrodes (FM, MO, TM), although it is superimposed upon the more dominant alpha waves,
The frontal leads, especially the trans-frontal, show low
voltage waves of a rapid irregular pattern.

Footnote

1

This so-called

Des i gned by Rahm Instruments Inc., and that in use
by the Psychiatric Departments of the Clarkson
Hospital and the Univ. of Nebr. Coll. of Med,, Omaha.

Footnote2 Conventional symbols for leads a r e: frontal-motor
(FM), frontal-occipital ( FO}, mot or-occipital
(MO), trans-frontal (TF), trans- motor (TM) and
trans-occipital (TO). These abbreviations are
used in designating the accompanying records.
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DESCRIPTIONS OF RECORDS ON PAGE 30.
Figure 3 .
These F- 0 leads show the typical alpha or Berger rhythm.

~he

waves are smooth and sinusoidal, of a 10- 12 per second frequency
and occur in definite spindle - shaped outbursts .

These bilateral

records show perfect symmetry and synchrony in the two leads .
Figure 4 .
These bilateral F- M records demonstrate small amplitude irregularly shaped waves .

The most apparent frequency resembles alpha

rhythm but close examination will reveal small faster (12 - 25 pe~
second) beta waves superimposed upon the larger alpha- like waves,
which apparently spread in from the occiput to mask the actual
frontal - motor activity.
Figure 5 .
This rhythm is quite similar to the alpha activity illustrated
in figure 3, although the wave fonns are more irregular and the outbursts are less definite .

Such waves are probably the result of

superimposing the beta activity of the motor area upon the alpha
rhythm of the occipital lobes .
Figure 6 .
This T-F record shows low voltap-e irregular waves which are
indefinte and irregular in form .

This possibly represents the

gar.una or mixed r hythm described previously.

The T- 0 lead demon-

strates a fairly nonnal alpha pattern although not as typical as
in figure 3 .
Figure 7 .
The T- M lead exhibits a low voltage irregular pattern probably
indicative of weak beta activity .

The T- 0 lead is repeated here

for comparison.
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NORUAL ELECTRO-ENCEPHALOGPJJA •
Rft#T

R/6HT

Fip;ure 4.

FRONTD-MOTOR

LEFT

RIIHT

Fi~ure 5.

MOTOR· OCCIPITAL

vw
lEFT

lMNS - FRONT~
~

Figure 6 .
\[vvvvvv
TAANS - OtCll1 ITAL

TRANS - MOTOR

Fi~ure 7.
TRAN( -

•
Taken from the files of the Neuro- psychiatric
De partments of the Bishop Clarkson Hospital and the
Uniwersity of Nebraska Collel!:e of Medi cine, Omaha.
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OCCIPITAL

.

ganma activity is quite inconstant and, as yet, has not been
considered a very significant criterion of cortical activity
(10).

As the records indicate waves of bilaterally and sym-

metrically placed electrodes, taken simultaneously, are quite
similar in form and synchronous in timing (22, 30, 44).
Abnormal

~

Forms

Bennett and Cash ( 4), in 1940, listed criteria for
judging the abnormal record which simplifies the problem of
interpreting atypical rhythms.

They list them thus:

11

1~

disturbance of norma 1 rhythm, 2) asymmetry between symmettically placed electrodes and 3) the appearance of potentials
slower than 8 cycles per second or the so-called 'delta' or
'slow' waves.~

The first criterion may include either an

increase or a decrease in voltage or fre quency of the waves,
irregularity of potentials, or a lengthening or shortening
of the individual outbursts of activity.

Bilateral asynmetry

of the rhythm might be manifest in the record as differences
in amplitude, asynchrony of phases or unilateral disturbances
of rhythm.

The presence of delta waves has long been recog-

nized as being indicative of under lying cortical pathology
(44).

Such abnormalities of wave patterns are not character-

istic of any particular type of cortical pathology and rray
denote any type of intracranial disorder except in the case
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of petit mal epilepsy in which the spike and wave pattern is

considered pathognomonic.

Bennett and Cash (4) point out

that the slower and larger the delta WB!.es, generally, the
more extensive and severe the pathologic involvement of the
cortex.
Artifacts.
Because the electro-encephalogram is suc h an extreme ly
sensitive instrument it is often a difficult problem to differentiate between true cortical potent i als and extraneous
discharges.

It becomes very necessary for he who desires

to int er pret electro-encephalographic records to be thoroughly fa miliar with all of those conditi ons which will give
erroneous deflections of the wri t ing pen.

Such artifacts

must either be avoided or rendered harmless by identification.

Artifacts may result from outside electrica 1 inter-

ferences such as X-Ray, diat hermy, or radio.

The copper-

wire ca ge, to protect against such disturbance, has been
discussed previously.

Unless all equipment is properly

grounded sixty-cycle oscillations, transmitted frcm the
commonly used sixty-cycle A-C current, may be superimposed
upon the t~ue record.

Such high frequenc y deflections

should be easily detected but they may be difficult to
avoid.

Poor electrical contacts and improper insulation
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or wiring rrliy also give rise to false movements or the pen.
Insecure application of the electrodes to the scalp, pennitting, interruptions of electrical contact, frequently is the
cause of changes in the recorded potentials.

If such so-

called electrode artifacts occur during the ta king of a record
it is wise to stop and recheck the contact between the scalp
and electrode.

In this connection it is important that the

akin of the scalp be dry for perspiration, because of its
electrolyte content, will greatly increase the size of the
"physiological electrode" causing atypical tracings.

Mus-

cle . potentials resulting from eye-blinks, movement of the

extra-ocular muscles, tremor and
be introd uced into the record.

gross body movements will
Such artifacts are usually

easily detected by the experienced interpret er, although. it
is a wise practice to make a note on the corresponding part
of the record of sue h movements observed during the recording.

To fully appreciate all the possible artifacts in any

given record, and to interpret them correctly, it is advisable that he who takes the record also be its interpreter
(22, 30, 44).
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III
APPLICATION OF ELECTRO-ENCEPHALOGRAPHY TO EPILEPSY .

A. CLASSIFICATION OF EPILEPSY.
Though the electro-encephalogram may be considered as a
sensitive indicat or of any cortical pat hology, its use in any
other phase of neuro-psychiatry.

Even if the e lectro-enc ep-

halogram had found no other application, the aid it has given
in diagnosis , treatment and understandin g of t his single disorder would have been ample reward for all of the earlier
experimentation.

It is in regard to this usage of the

electro-encephalogram that I intend to devote the remainder
of t his paper .

It is not my aim here to review the subject

of epilepsy as such but, rather, merely to surrmarize, fran
the conclusions of many workers , the merits and limitations
of electro-encephalography in this field.
From the outset it is important to r ealize that any of
the above mentioned abnormal variations i n rhythm, frequency
or wave fonn may occur in epilepsy and, exce pt for the spike
and wave of the petit mal type, there are no definite patterns characteristic of epilepsy.

As would be expected the

the more striking abnormalities of the r e co.rd in epilepsy
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occur during a convulsive seizure; hence epilepsy has been
called a paroxysmal cerebral d1srhythmia (25).

Abnormalities

of cortical rhythm in an epileptic may also be demonstrated,
in a large majority of cases, between siezures, though not
as intense nor characteristic as those seen during the seizures (44).

Such sub-clinical dysrythmias indicate an under-

current of abnormal cortical act ivity which may progress
far enough to initiate clinical manifestations.

F. A. Gi bbs,

(18) is so certain of th e intimate relationship of sub-clinical irregularities of rhythm tho those seen during actual
s eizures that he states that an asymptomatic cortical dysrhythmia is actually an asymptomatic epilepsy.
Clinically, epilepsy has been classified under three
main groups: the petit mal, the g rand mal and the psychomotor types by virtue of their different subjective and obj ecti ve manifestations, age of onset, frequency of at t acks,

prognosis and in their r e sponses to va ri ous fonns of treatment (22). The practicability of such a classification has
been debated by certain workers in electro-encephalography
( 9, 18, 44), although they all ag ree tha t it is desirable
to r eta i n the clinical t e rminology and c l assification as
much as possible in the literature until a more universal
system can be devised.

The advisability of t his is obvious

when it is r ealized that, in the final analysis, the pr oblem of diagnosis and trea tment of epilepsy is still mainly
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a clinical one.

In this connection Gibbs (18) reports that

in approximately 10 percent of normal individuals dysrhythmias
can be demonstrated and consequently it is hazardous to base
the diagnosis of epilepsy upon the electro-encephalographic
findings alone.

For this reason the various abnonnalities

of records of epileptics will be arbitrarily discussed under
the separate clinical types .

Figures 8, 9, and 10, on page

40 are photographic copies of actual tracings illustrating
the seizure patterns of each of the three main clinical forms
of epile psy.
Petit~ Epilepsy.
During a petit rnal seizure a characteristic alteration
between a fast and a very slow wave is seen--the so-called
spike and wave, occuring usually about 3 per second.

Petit

mal epilepsy is the only condition in which such a pattern
is found and the spike and wave combination can be considered
as pathognomonic of this disorder whenever seen (20) .

The

frequency, which is remarkably constant at the start of the
seizure, tends to slow down somewhat toward the end of the
attack .

If one is fortunate enough to obtain a record a few

minutes before the seizure begins he may demonstrate this
characteristic pattern evem before clinical manifestations
appear.

It usually disappears when the clinical seizure

ceases, howeve r.

Jasper (44) reports a slower spike and
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wave pat t ern (the s o-called petit mal variant) as well as 3
per second waves without the associated spike which are not
infrequently s een with petit mal seizures although the charact e ristic s pike and wave ordinarily can be demonstrated
wit hout difficulty ( figure 8).
Between seizures the record is usually essentially normal although it is not uncommon, especially if the subject
is under inadequate treatment, to elicit brief groups of
spike and waves of lowered voltage.

Such outbursts of ab-

nornJ:il activity, in th e absence of clinical evidence of a
seizure, are called sub-clinical or "larval" seizures and
will be referred to again lat e r in regard to regulation of

anti-convulsant therapy.

Such sub-clinical seizures are

more common in petit mal than in any othe r type of epilepsy , (19, 22).
Grand

~

Epilepsy.

Characteristically an acceleration of electrical activity of the brain can be seen just prior to the onset of
the grand mal seizure.

This increase in frequency and amp-

litude increases until the first clinical signs of the
seizure st a rt.

During the tonic phase of the attack the

frequency is the highest, ranging from 15 to 40 per second.
This frequency decre a ses progressively through the stages
of clonus and stupor until the record rr:P.y a ppear almost
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flat (20).

As the post-convulsive stupor wears off the

normal pattern tends to reappear although random delta waves
may continu e to be given off for sometime.

As in petit rnal

epilepsy seizure-like discharges may occur in records taken
between clinical seizures (figu re 9).

These sub-clinical

seizures, though not as common as in petit roal, probably
indicate an underlying cortical dysrhythmia which is not yet
active or extensive enough to initiate a convulsion.

Inter-

seizure records often present non-characteristic abnormalities, including considerable delta activity, whi ch makes it

impossibl e to predict which type of epilepsy is present ani
what the nature of the next seizure will be (25, 44).
Jac ksonian epilepsy deserves mention here as one of the
minor epilepsies,

It is distinguished from the afore-men-

tioned types by the tact that it occurs usually without loss
of consciousness and the convulsive movements are lirni ted to
local muscle groups, which are supposedly caused by irritative lesions of'. localized areas of the motor cortex.

The

involvement rrl3.y remain restricted to unilateral local muscle
spasms but typically the attack spreads to become a gen e ralized convulsion of the grand mal or petit mal type.

The

electrical disturbance of Jacksonian epilepsy is evident in
the record !iin the formation of a variety of abnormalities of
pattern which later, as the convulsion beccxnes generalized,
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may simulate those seen in grand mal or petit rnal epilepsy.
A record taken early in the seizure or shortly before the
attack st a rts generally shows a definite localization over
one or other of the motor areas but the dysrhythmia may
spread to involve the entire cortex (22).
Psychomotor Epilepsy.
Psychomotor attacks include psychic equivalents and all
types seizures in which apparently purposeful movements occur
with more or less impairment of consciousness (20, 44).

Such

seizure s are characteriz ed by a series of slow (2-4 per second)
flat-topped waves with superimposed, smaller, saw-toothed
waves followed by slow, large amplitude waves as the attack
subsides (figure 10).

Similar, but less typical, patterns

are frequently seen between clinical attacks, constituting
the sub-clinical seizure.

Such findings are particularly

c0Im1on in children in connection with behavior problems (19,

22).
It has been discussed previously that the cortical rhythms are extremely sensitive to shifts in the acid-base
balance, especially in regard to the
blood.

co 2

content of the

This factor has special significance in the study

of certain types of epilepsy for it has been found that a
lowered CO2 tension of tbe blood will often precipitate a
petit mal seizure.

For this reason a 2 to 5 minute period

of hyperventilation is usually included during the taking of
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EXAMPLES OF RECORDS SEEU IN EPILEPSY•
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LEFT

r'i r,ure 8:, Characteristic spike and wave pattern demonstrated, af ter
hyperventilation, in a patient clinically dia~nosed as a petit nal
epileptic. Both leads are perfectly symmetrical, indicat inr, a <li~fuse
dys r hythni a. with no apparent focus.

RIGHT

Pt: 1 . s. ,Age: 26
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Fir,ure 9: This patient, a known grand nal epileptic under e.nti-convulsnnt
therapy, sti 11 exhibits a narked dysrhythmia with hyperventilation. The
ri r;ht lead shows poorly formed alpha waves with randon dol ta.s. The left
lend shows ra. riid waves (25-35 c.p.s.) with a relative increase in ampli~ude, indica.tin~ nn epilepto ~enic focus on the left.

RIGHT

?t:

Oft& SCCtbt

Fir,ure 10 : Thi s tracin f~ shows the la.rr,e, slow, square-topped wnves of'ten
seen with pyschomotor e pilepsy, which is the clinical diagnosis in this
patient . Althour:h the l eads are similar the increased volta.r;e on the
lof't sur,~ests thnt this abnormal activity ori r;inntes on that side.

* These exerpts of tracings were taken from the files of the Neuro. psychiatric Departments of the Bishop Clarkson Hospital and the
University of Nebraska. College of Medicine, Omaha.
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t
the record.

Rarely can grand mal and psychomotor seizures

be precipitated by such over-ventilation, however (22, 30).
B. ELECTRO-ENCEPHALOGRAPHY AS AN AID IN THE DIAGNOSIS OF
EPILEPSY

.. ,.i ;
,!

,.

Diagnosis of typical epileptic attacks is ordinarily
not difficult from the clinical obs ervations alone and brain
waves taken during seizures are usually only of confinnatory
value.

However, many times clinical evidence is not suffi-

cient to penjlit an accurate differential diagnosis of the
various types of epileptic disorders and here the electroencephalographic findings are of definite value ( 18).

This

is especially true in differentiation petit mal and psychomotor seizures which are often so atypical that clinical
differentiation is difficult if not impossible.

Furthermore,

the physician is often hampered in his diagnosis by not being
present when the attack occurs and seeing the patient between attacks when no clinical signs are present.

It is then

that the electro-encephalogram may contribute much toward
making the diagnosis.

Inter-seizure patterns, especially

sub-clinical seizures, are often suggestive enough of epilepsy itself, or one of its types, to enable an accurate diagnosis to be made without the clinical picture, (9), although
it has been repeatedly stressed that the electro-encephalogram should play a supplementary role to clinical observations in the diagnosis of epilepsy.
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As mentioned before,

~

hyperventilation may augment the usefulness of the electroencephalogram in demonstrating the inter-seizure pattern.
In connection with localization of cortical foci of
epileptic seizures electro-encephalography has also been of
value.

Localizing neurological signs are usually suffi-

cient from which to establish the origin or focus of e pilepsy of the Jacksonian type, although again the physician
may not be on hand to obs erve the seizure.

ith the use of

bi-polar leads and simultaneously obtain ed records it is
possible to demonstrate, by voltage, amplitude and phase
differences, an epileptogenic focus or foci in the cortex.
The therapeutic value of such localization wi 11 be referred
to again later (33, 44).
From a diagnostic point of view the electro-encephalogram also enables an important differentiation between true
epileptic disorders and hysterical convulsions r esembling
epilepsy.

Ill

Fortunately the hysterical pat i ent does not show

any cortical dysrhytbmia, thus disting ui shing it from epilepsy in the large giaj ority of ca ses.

Gibbs (22), however,

stresses thst epile,psy cannot be definitely rul ed out in
such instances because about 5 percent of all patients with
epilepsy show no abnormalities in their inter-seizure

•

r e cords.

-
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It is also of diagnostic significance that the elec:troencephalogram is capable of demonstrating cortical dye1rhythmias in persons who are symptomless carriers of the inheritable tendency of the epilepsy (39,40).

The importance

of the diagnosis of such carrier states will be mentioned
again under the discussion of the eugenics of epilepsy.
C. EIJOCTRO-ENCEPHAI.OGRAPHY AS AN AID IN THERAPY OF EPIIEPSY.

Physicians knew of the anti-convulsant action of certain
drugs, notably phenobarbital, branide and dilantin, long before the brain waves of an epileptic were ever studied.
Then, however, there was only one criterion upon which to
base the kind and amount of medication indicated; that being
whether the seizures were abolished or not.
of such a eri terion are obvious.

The limitations

Even in the absence of the

clinical manifestations of the disorder one never knew just
where in the range between convulsions and over-sedation the
patient was being kept.

It was often necessary to let up on

the anti-convulsant medication until the seizures reappeared
in order to judge what effect the drug was having on the individual.

With the advent of the electro-encephalogram and

its application to epilepsy it was natural that interest was
immediately taken in the effect of anti-convulsants upon
cortical rhythm.

It was round that ordinary dosages or such
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drugs produced practically no effect upon the normal rhythm,
while they produce a variety of modifications upon the dys-

rythrniae of epilepsy, (24, 38).

The commonly used anti-

convul1~n$s, in their clinically effective doses, generally
cause a suppression of the amplitude of the seizure discharges although the number of larval seizures may actually
increas (17,22~•

It is thought that such medical treatment

of epilepsy keeps the intensity of such abnormal activity
law enough to prevent its manifestation as a clinical seizure without actually abolishing the seizure patterns seen
in the record {43).

Electro-encephalographic studies also

confirms the clinical observation of the marked variations
of response in different individuals to the various anticonvulsant drugs and to their usual dosages (17, 24).

Upon

this basis lies the significance of the principal use of the
electro-encephalogram in the treatment of epilepsy.

By its

repeated use in an epileptic under treatment it enables the
clinician to evaluate the efficiency of his therapy without
subj acting the patient to an attack.

Routine periodic

electro-encephalographic examinations of epileptics under
anti-convulsant therapy is such an accurate barometer of
the status of the patient that he learns to have confidence
in it and goes about his normal business and social activities without the constant fear of an embarassing and unsuspected seizure.

In light of this the electro-encephalogram
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has added materially to the rehabilitation of many epileptics
to normal living.

It is possible, with the aid of the electro-

encephalogram, to diagnose a sub-clinical form of epilepsy and
to regulate treatment so as to prevent the patient from ever
experiencing even a single attack.

The significance of sue h

an accomplishment is of much psychological importance to the
patient and has been discussed at length by many workers with
special re ference to children and young adults in whom epileptic attacks may bring a bout serious psychiatric c omplica:tions (44).
Besides serving as a valuable guide in the anti-convuleant
medication of the epileptic the electro-encephalogram promises to be of aid in the recent advances in the .surgical
treatment of certain types of epilepsy (35, 51), by virtue
of its use in the localization of cortical epileptogenic foci
mentioned previously under diagnosis.

Although in most epil-

eptics a constant focus can not be demons t rated, whenever this
is possible Gibbs (22) and Penfield (44) advocate an e~plora-

tory operation in the hopes that a gross operable lesion, such
as a tumor, a hematorna, a post-traumatic scar or constricting
meningeal bands, will be discovered.

The surgical approach to

the problem of epilepsy, although as yet has not been too successful, may eventually prove to be of great value.

If ·so one

may be certain that electro-encephalography will have played
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a major role in its developnent (33).
D. ELECTRO-ENCEPHALOGRAPHY IN THE EUGENICS OF EPI LEPSY.

Electro-encephalographic findings have confirmed the
clinical observation of the hereditary nature of epilepsy
beyond doubt (22, 39, 40).

Examination of the records of

the near relatives (parents, siblings and children) of
epileptics show definite dysrhythmias in better than 50 per
cent of the cases.

In this same study 28 percent of the

case both parents, and 98 percent at lease one parent,
abnormal records (25).

had

These figur es are much more con-

clusive than the corresponding clinica l data on the heredity of susceptibility to epilepsy because the electroencephalogram enables one to detect those who have symptomfree dysrhythmias--the so-called epileptic carriers (9, 18,
23).

It was formerly thought that the only alternative was
birth control among epileptics adults.

Lennox (37) pointed

out that such a restriction ViOuld eliminate only about 5
percent of epileptic disorders because electro-encephalographic statistics show that th ere are 20 times as many
non-epileptic carriers as frank epileptics.

To extend the

pro posed birth control program to include all carriers
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would affect such a large percentage of our population as
to make such a plan unthinkable.

Epilepsy has long been

considered as a recessive Mendelian trait but it is now
thought that tbe associated cortical dysrhyt hmias may be a
dominant trait (25, 31).

It has been concluded by several

workers (22, 23, 37, 44), on the basis of electro-encephalorgaph~c findings, that, although an effective measure of
birth control is not practical, much helpful advice
be given epileptics who desire to marry.

might

An e~ileptic is

advised to select a mate with normal brain waves.

Such a

marriage is much less dangerous than one between two normal carriers (37).
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IV·
CONCLUSIONS

From the literature which formed the basis for this
report the following conclusions seem justified:
1.

It is possible to record from the brain through the
intact skull definite electrical fluctuations which display more or less characteristic rhythms in tb e normal
subject.

2.

Such patterns of electrical activity or so-called,
"brain waves" are subject to many physiological variations
coincident with such factors as a ge , sensory stimulation,
adj a cent muscle potentials, sa.eep, emotion, and other
f orma of impaired consciousness.

3.

Intracranial pathology, causing interference with
normal cortical activity, _will be evidenced in the record
as abnormal patterns of electrical discharges.

or such

pathological wave forms the delta activity is considered
the moat significant, although it is oft en possible by
comparing the records from the different leads to localize
lesions of the cortex.
4.

In order to obtain significant records it is necessary to establish, as nearly as possible, standard conditions as well as certain conventions or technique and
instrumentation.
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5.

Proper interpretation of the record presupposes a
thorough understanding of the normal pattern with all of
its normal variations, of all abnormal wave forms signifying cortical pathology and a familiarity with all artifacts and factors producing them.

6.

Epilepsy is associated wit h cortica 1 dysrhythmias
which are consistently present during a seizure and
occasionally can be elicited between seizures.

Almost

any abnonnality may be seen in an epile ptic record and
none are absolutely characteristic of epilepsy e xcept

the spike and wave pattern seen in the petit mal type.
7.

Although the diagnosis of epilepsy must remain a
clinica 1 one the electro-enc ephalogram has proven a
definite diagnostic aid.

This is especially true during

inter-seizure periods and in the differential diagnosis
of the various clinical forms of e pilepsy and hysterical
convulsions resembling epilepsy.
8.

Electro-encepha lography has greatly simplified the
treatment of epilepsy because it enables the physician to
evaluate and regulate his anti-convulsant therapy accurat e ly on the basis of underlying cortical dysrhythmia.
In regards to the recently proposed surgical treatment
of epilepsy, localization of epileptogenic foci with the
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electro-encephalogram pll'omisea to be of value.
9.

Much has been learned about the hereditary nature or
epilepsy and of symptom-free carriers from electro-encephalographic studies.

It has been concluded, on the basis

of cortical dysrhythmia, that it is safer for a frank
epile ptic to marry a person with normal brain waves than
a ~rriage between two n on-epileptic carriers.

#####fl#
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